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CHAPTER I 
THE PURPOSE OF THE STUDY 
1. The Purpose of the Study in General 
During class discussions the writer had observed that 
his students of General Science taught according to the 
standard textbook method had a fragmentary knowledge of the 
subject matter. The students• learning was not unitary and 
well-integrated. To offset this tendency the writer de-
cided to experiment with the use of the whole method (cf. 
Chapter II) in the constructing of a unit of science and in 
the teaching of this unit to these students. 
The immediate and general purpose of this study is 
threefold. In the first place, the writer intends to con-
struct and to teach by the whole method a modest prototype 
of a unit of science; secondly, to test this unit with an 
experimental group of students; and finally, to record and 
summarize the results of this experiment. 
2. The Purpose of the Study in Particular 
The writer has a particular purpose -to be explicated 
-1-
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below- for the construction of the unit, for the teaching 
of the unit, for the use of the whole method, for the unit 
serving as a prototype, for choosing a particular experi-
mental group of students, and for recording and summarizing 
the results of this experiment. 
The construction of the unit.-- It is the intention of 
the writer after selecting an advanced topic in science to 
construct by the whole method a unit (cf. Appendix B) on 
this topic in such a manner that a ninth grade class of 
students at Christopher Columbus High School, Boston, will 
at least understand and retain basic notions contained in 
the unit. 
The topic concerns the equilibrium of stationary ob-
jects, and the unit is entitled Static Equilibrium. The 
ideas in the unit are gleaned primarily from Modern Univer-
V 
sity Physics. The writer intends that the understanding 
of these fundamental concepts and their retention will also 
serve as a foundation for the students' later studies in 
science, particularly for the study of equilibrium in 
VJames A. Richards, Francis W. Sears, M.R. Wehr, and 
Mark W. Zemansky, Modern University Physics, Addison-Wesley 
Publishing Co., Inc., Reading, 1960, pp. 1-53. 
3 
Physics. 
The teaching of the unit.-- The writer constructed the 
unit with the view in mind that it be taught exactly as 
constructed. Moreover, the personality of the teacher does 
not contribute to the instruction, after the fashion of 
y 
programmed learning. The teacher presents the unit exactly 
and clearly as the unit instructions direct. 
The whole method.-- By the whole method the writer 
means the presentation of the topic in its broad outlines 
from the outset to which are gradually added the related 
details. Unitary meaning and exactness of language are 
y 
stressed. This concept is held by Frank A. Butler who 
states in effect that whatever one teaches should be 
pondered over many times from the viewpoint of promoting 
the development of unitary meaning and deeper comprehension 
in the minds of students. The parts are never greater than 
the whole and fragmentary learning occurs when teachers 
test for fragments as the summum bonum in school learning. 
1:/G.S. Fusco, "Programmed Self-Instruction: Possibilities 
and Limitations," High School Journal (November, 1960), 
44: 85-90. 
YFrank A. Butler, The Improvement of Teaching in Secondary 
Schools, University of Chicago Press, Chicago, 1954, p. 204. 
4 
Thoughts acquired in study should lead to the formation of 
a central idea. 
y 
In this regard the ideas of Hullfish and Smith are 
that teachers can progressively enrich the conceptual re-
sponses of students by concerning themselves with the re-
latedness of facts instead of demanding immediate reactions 
that but repeat the answers of others where language is an 
obstacle that fussy people place before them. The writer 
intends that an element of the whole method be exactness of 
language in order that the relatedness of fact, event, and 
y 
meaning be emphasized. The idea of John Dewey is that to 
make possible ordered discourse or reasoning the medium of 
language should not interfere with the thought expressed. 
In other words, language should exactly represent the 
reality in the mind of the student. 
A prototype of a unit of science.-- The writer has de-
signed and constructed the unit with the idea in mind that 
it will serve as a modest model to be imitated in his con-
structing of other units of science, at least on the ninth 
_!/H. Gordon Hullfish and Philip G. Smith, Reflective Think-
ing: The Method of Education,Dodd, Mead & Co., New York, 
1961. pp. 205-207. 
YJohn Dewey, Logic: The Theory of Inquiry, Henry Holt & Co., 
Inc., New York, 1938, pp. 52-53. 
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grade level. As a prototype it is the first of its kind in 
so far as no other unit, to the present knowledge of the 
writer, is being directly imitated. An accompanying time 
schedule delineates the general picture of the work cut out 
for the teacher and a maximum time limit the teacher needs 
to present the subject matter. 
The testing of the unit.-- Three informal objective 
achievement tests (cf. Appendix C) were constructed by the 
writer. The multiple-choice symbolic-unit test has the 
purpose of measuring the students• understandings before 
and after the unit is taught. Only this test is meant to 
grade the student. The multiple-choice laboratory test 
aims to aid the student to clarify his concepts concerning 
the subject as he chooses the correct answer among four 
possible responses. The true-or-false supplementary test 
aims to measure the students• knowledge of related con-
cepts not included in the unit instruction but which the 
student can acquire from assigned outside reading. The 
items of these three achievement tests are not subtle but 
straightforward. The broad fundamental concepts are tested. 
The experimental group.-- The writer chose the ninth 
grade students at Christopher Columbus High School with the 
6 
purpose in mind of employing the one-group method of exper-
Y 
irnentation, as described by Tyrus Hillway, wherein a vari-
able, in this case the whole method variable as understood 
by the writer, is added to the instruction and the result-
ing change is measured. This class of 40 boys among 150 
ninth graders was taught General Science by the writer dur-
V 
ing the school year from a standard textbook. The teach-
ing of the unit by the whole method is the variable of 
primary concern. All other variables were kept under con-
trol. From one standpoint the class is a homogeneous popu-
lation in so far as they represent those students grouped 
into a class having the highest grades on the entrance ex-
arnination in Mathematics and in English. These students 
are from the Archdiocese of Boston corning from diverse lo-
calities, from both public and parochial schoo~ from aver-
age walks of life, and with a sufficient spread in I.Q. 
scores to be a suitable experimental group. 
The record and summary of the results.-- A notebook 
YTyrus Hillway, Introduction to Research, Houghton Mifflin 
Co., Boston, 1956, pp. 166-167. 
l/Ira Davis, John Burnett, E. Wayne Gross, Science, 
Henry Holt & Co., New York, 1957. 
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containing data and observations written into it by the 
author serves as a permanent record of the experiment for 
future reference. This information is incorporated in 
Chapter III. The purpose of the statistical summary is to 
help the teacher learn of the results of his teaching by 
the whole method. Moreover, the summary may reveal working 
hypotheses from which a most reasonable and promising hy-
pothesis can be chosen to be tested by further experiments 
y 
in which statistical tests of significance are used. 
ycf. Helen M. Walker and Joseph Lev, Elementary Statisti-
cal Methods, Henry Holt & Co., New York, 1958, pp. 230-243. 
CHAPTER II 
RELATED LITERATURE 
1. A Multiplicity of Teaching Methods 
Many teaching and learning methods have been proposed 
by educators and psychologists, and many have been employed 
by teachers and by students. Each science has its proper 
y 
method and there are differences within a single method. 
y 
The opinion of Nathan s. Washton is: 
"There is no one method of teaching science 
which is the best method ••••• Instruction in science 
should be varied, using methods of group work, pro-
jects, supervised study and research, demonstrations, 
laboratory experiences, field trips, case studies, 
discussions, and recitations ••.•• Through teaching 
experience, the science teacher will learn which 
methods are most productive in promoting the learning 
of science in various classes." 
Concerning students• methods of study Kingsley and Garry 
mention: 
!/Cf. M. Nachman and S. Opochiusky, 11 Effects of Different 
Teaching Methods: a Methodological Study," Journal of Educa-
tional Psychology (October, 1958), 49: 245-249. 
YNathan s. Washton, Science Teaching in the Secondary 
School, Harpers Brothers Company, Inc., New York, 1961, 
p. 228. 
-8-
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"Investigations have shown that students differ widely 
in their study practices, and a number of experiments have 
indicated the value of special training in effective study 
.v 
procedures." 
This diversity of methodology is in the major part due 
to the diversity of principles of learning proposed by edu-
caters and summarized from a mass of empirical data re-
corded during psychological experiments. 
Thorpe and Schmuller suggest five firm principles of 
y 
learning: 
"1. The learner is motivated - when he has some 
stake in the activity. 
2. The learning is geared to the learner's level -
when it is compatible with the learner's physi-
cal and intellectual ability. 
3. The learning is patterned - when the learner 
can see meaningful relationships between the 
activity and the goal. 
4. The learning is evaluated - when the learner 
has some way of knowing what progress he is 
making. 
5. The learning is integrated with personal-social 
development - when the learner experiences 
satisfactory growth and adjustment." 
1/Howard L. Kingsley and Ralph Garry, The Nature and Condi-
tions of Learning, Prentice-Hall, Inc., Englewood Cliffs, 
New Jersey, 1961, p. 417. 
1/H. Gordon Hullfish and Philip G. Smith, Reflective Think-
ing: The Method of Education, Dodd, Mead & Co., New York, 
1961, p. 170. 
The problem is stated in another manner by Edwin A. 
y 
Burt, who says: 
says: 
11An adequate cosmology will only begin to be 
written when an adequate philosophy of mind has ap-
peared and such a philosophy of mind must provide 
full satisfaction both for the motives of the behav-
iorists who wish to make mind material for experi-
mental manipulation and exact measurement, and for 
the motives of idealists who wish to see the start-
ling difference between a universe without mind and 
a universe organized into a living and sensitive 
unity through mind properly accounted for. 11 
Witness, moreover, the statement of John Vaizey who 
y 
"Education is full of schemes. Everybody has 
plans. Yet very few people look at it, as a whole, 
in the light of the needs of the times ••••. We know 
far more than we used to about intelligence and 
ability, and the old-fashioned idealists have been 
proved to be right." 
2. The Whole Method in a Restricted Sense 
10 
In current literature on the psychology of learning the 
term the whole method has a precisely limited meaning and 
refers to that method employed in memorizing and retaining 
1:/Edwin A. Burt, The Metaphysical Foundations of Modern 
Physical Science, Doubleday & Company, Inc., Garden City, 
N.y. I 193 2 I p. 3 24. 
YJohn Vaizey, Britain in the Sixties: Education for To-
morrow, Penguin Books Ltd., Middlesex, U.S.A., 1962, p. 109. 
11 
in memory a definite amount of words or symbols, as for ex-
ample, a poem or a list of numbers. In this sense also it 
is in contradistinction to the part method whereby the 
material is memorized and mastered in parts one after the 
other. This basic idea of the whole method has been 
adapted to the entire unit of instruction with the scope 
consisting of ideas rather than mere words or symbols. 
Concerning the whole method Kingsley and Garry state: 
"The results of experimental studies on the 
relative merits of these two procedures have not 
established the forthright superiority of either 
method for learning under all types of conditions • 
•••• under the right conditions the superiority of 
the whole method can hardly be questioned. In 
actual practice, however, we seldom have together 
all the conditions that make this method superior 
to the part method. For best results in memoriz-
ing, a combination of the two methods, which will 
avoid most of the disadvantages of both and at the 
same time secure as far as possible the advantages 
of both, is to be recommended." 
The advantage of the whole method as adopted and em-
ployed by the writer in the constructing and teaching of 
this unit lies in the fact that the subject matter has been 
bound together in a proper sequence and knit with consoli-
dating values of meaning. 
l/Howard L. Kingsley and Ralph Garry, The Nature and Con-
ditions of Learning, Prentice-Hall, Inc., Englewood Cliffs, 
New Jersey, 1961, pp. 258-261. 
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3. The Whole Method Adapted to Classroom Instruction 
The whole method as explained above is primarily a 
method of learning. The writer has adapted this method of 
memorizing to the constructing and teaching of a unit of 
science as explained in Chapter I and III. 
The teacher's part in the unit planning is expressed 
y 
in the words of Butler: 
"No magic is needed to plan a unit of instruc-
tion. Only clear and sound ideas pertaining to a 
basic development and the kind of learning effec-
tive in producing that development are required. 
Take the planning and thinking and discovering out 
of teaching, and you take the essence of growth 
from teachers and substitute those routine and 
commercialized practices so agreeable to passive 
and easily satisfied souls ... 
The student's part in the studying of a well-constructed 
unit of instruction is expressed by Hullfish and Smith who 
y 
affirm: 
11 In a learning situation, much is already known 
by the learner. If this were not so, no further 
learning could occur. But that which is known has 
to be fitted together, much as the recognized parts 
of a puzzle must be related in order to make possible 
the use of the unknown parts. Learning the recon-
struction of experience, is always a matter of fitting 
and refitting into a meaningful whole that which is 
.!/Frank A. Butler, The Improvement of Teaching in Secondary 
Schools, University of Chicago Press, Chicago, 1954, p. 204. 
YH. Gordon Hullfish and Philip G. Smith, Reflective Think-
ing: The Method of Education, Dodd, Mead & Co., New York, 
1961, p. 206. 
known and that which seems likely but which must 
remain uncertain until all of the pieces are brought 
together." 
Closely related to the whole method approach as em-
ployed by the writer is the "core and common learnings" 
approach with subject-matter emphasis. 
In this regard Simpson has this to say: 
"In the subject-matter type of the core and 
common learning approaches an attempt is made to 
achieve better understanding and retention than 
13 
is possible in the atomistic daily assignment plan 
by helping the learners to see and learn informa-
tion as a part of larger patterns. The goal is to 
try to train learners into organizing parts or frag-
ments or bits of information into meaningful wholes." 
Let us note that the objection to this subject matter 
approach especially by the advocates of the problem approach 
is the questionable likelihood of transfer of knowledge to 
y 
actual use. 
Concerning the transfer of knowledge Kingsley and 
11 
Garry state: 
1/Ray H. Simpson, Improving Teaching-Learning Processes, 
Longmans, Green and Co., New York, 1953, p. 403. 
ycf. Ibid., p. 405. 
1/L. Howard Kingsley and Ralph Garry, The Nature and Con-
ditions of Learning, Prentice-Hall, Inc., Englewood Cliffs, 
New Jersey, 1961, p. 505. 
"Barlow (1937) found that special training 
in analysis, abstraction, and generalization 
transferred positively to test performances con-
sisting of giving the lesson or moral conveyed 
by various fables. These and other studies indi-
cate the possibilities of positive transfer of 
practice in problem solving with one kind of mate-
rial to reasoning in other types of problems. They 
indicate that transfer is achieved by acquiring an 
understanding of principles, by developing confident, 
analytical, searching attitudes, and by learning 
effective procedures." 
In the constructing and teaching of this unit by the 
whole method there are included elements of analysis, ab-
14 
straction, and generalization. A neat epitome is expressed 
11 
in the words of John G. Read who states: 
"The third methodology of science teaching 
used for organizing the real world is close to 
that by which most human learning takes place: 
the way of human thought ••••• It is the method 
of teaching for the planned acquisition of con-
cepts. It has as its base the (written) verbally-
expressed principle of science which is an evident 
relationship between or among real experiences of 
the environment .•••• Perhaps the best way to use 
the principle is as an exoskeleton for any desired 
organization of teaching science." 
1/John G. Read, "A View of Science Education Review and 
Forecast," Journal of Education, Volume 141, Number 2, 
p. 18. 
CHAPTER III 
THE PROCEDURE 
1. The Procedure During the Constructing of the Unit 
The writer chose the concept of equilibrium for his 
topic, and then narrowed it to the equilibrium of station-
ary objects. A topic outline of central ideas was con-
structed from the textbook Modern University Physics men-
tioned in Chapter I. This outline was revised until a 
simple fact outline, the guide sheet, was constructed. 
A unit was to be constructed (cf. Appendix B). Ten 
teaching classes of 40 minutes each were to be experimen-
tally employed to present the unit. The developmental 
approach was employed during a fifth class before the unit 
was actually constructed. During this class the writer 
asked the students to engage in a discussion on the practi-
cal beauty of Architecture, he challenged them to solve a 
problem on the equilibrium of stationary objects, and he 
encouraged the boys to abstract the central concepts per-
taining to this subject so to stimulate in the students a 
conceptual response on the level of abstraction (cf. Appen-
-15-
dix D). Moreover, this developmental approach was to aid 
the writer in the constructing of the unit. 
16 
The guide sheet was incorporated in the unit so to 
highlight for the teacher and for the students the central 
ideas. For the same purpose four lectures were constructed 
to be dictated to the students by the teacher, and parts of 
these lectures were to be written by the students as in-
structed. To supplement these lectures and to elicit active 
participation from the students two high achievers were to 
be assigned the chore of lecturing during the second class. 
For the same purpose homework was to be assigned for, and 
reviewed during, each class except the first and the last. 
During the reviewing of homework in class by the students 
the teacher was to take the opportunity of giving indivi-
dual attention to the low achievers. Toward the end of the 
class a low achiever appointed by the teacher will have 
summarized the subject matter considered during class. 
The inductive approach was to be launched during the 
first class and for this purpose each student, carrying out 
the instructions given by the teacher, was to conduct an 
experiment using the textbook as his apparatus. A descrip-
tive approach to the measuring of forces mathematically was 
17 
to take place during the ninth class. The tenth class was 
devoted to the testing of the students• understanding of 
the unit by the symbolic-unit achievement post-test which 
will have been administered before the unit was to be pre-
sented. 
2. The Procedure during the Teaching of the Unit 
Once the unit was constructed and a general time sched-
ule was drawn up the unit was taught to the whole class. 
The writer followed the time schedule and observed that on 
the average he had a five minute time margin during each 
lecture class, i.e., during the second, the fourth, the 
fifth, and the seventh class. During the tenth class there 
remained twenty minutes which according to the purpose of 
the writer was to be employed for a developmental approach 
to the next unit, not included in this study. 
Nineteen boys failed to turn in homework among which 
boys were four who did not bring to class their self-con-
structed laboratory apparatus. Both high achievers who 
lectured succeeded in presenting a satisfactory explanation 
of the subject matter. The class as a whole participated 
fully in the writing of notes during dictation and appre-
ciated the notes passed out to them. Some students, how-
18 
ever, complained of digital fatigue! All were enthusiastic 
over the textbook experiment during the first class and 
were interested in reviewing one another's homework. Order-
liness prevailed during the lectures given by the writer 
but to a lesser degree during the laboratory period. The 
boys were very attentive during the ninth class when the 
measurement of forces was explained. 
3. The Results of Measurements 
The scoring of the tests.-- The pre-test and the post-
test answer sheets of the multiple-choice symbolic-unit 
tests were scored after the teaching of the unit by means 
of a punched key constructed by the writer from one of the 
answer sheets. The supplementary true-or-false pre-tests 
and post-tests were corrected at the same time by a con-
structed strip key. The laboratory tests - originally in-
tended to be corrected by the students themselves in class 
- were corrected by the writer with a constructed punched 
y 
key. The Otis Mental Ability Tests were corrected with 
a standard hand-scoring punched key to determine the raw 
1:/Arthur s. Otis, Manual of Directions for Gamma Test: 
Otis Quick-Scoring Mental Ability Tests, World Book Co., 
Yonkers, New York, 1937. 
19 
score for each student which depending on the student's age 
was added to, or subtracted from, the mean score of 100, 
yielding the student's intelligence quotient. The reader 
can refer to the body of each aforementioned test in Appen-
dix C. 
Collection and tabulation of scores.-- A list of stu-
dents was drawn up alphabetically and the scores were tabu-
lated alongside these names for identification purposes. 
Then, a new list of these students was drawn up according 
to a descending order of scores received on the Otis Mental 
Ability Tests. These students were then identified by a 
code number from one to forty and these numbers were juxta-
posed before the descending series of scores received on 
the mental ability tests. The supplementary pre-test and 
post-test scores and the laboratory test scores were neatly 
tabulated alongside these scores. The writer then secured 
the students• composite standard scores received on the 
y 
National Educational Development Tests. The yearly average 
of grades in General Science taught by the writer, and the 
yearly average of grades from five in-school subjects, 
l/National Educational Development Tests, Science Research 
Associates, Inc., Chicago, 1963. 
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namely, Latin, English, World History, General Science, and 
Algebra. These properly identified scores were tabulated 
alongside the other scores. The reader can refer to all 
these scores in Appendix D. 
Measures of central tendency and variability of 
scores.--A computation of the average of these scores 
mentioned above and the measure of variability of these 
yielded for the mental ability test a mean of 113.6 with a 
standard deviation of 8.8, for the symbolic-unit pre-test 
a mean of 13.4 with a standard deviation of 5.1, for the 
symbolic-unit post-test a mean of 23.6 with a standard 
deviation of 4.4, for the General Science yearly average 
a mean of 76.4 with a standard deviation of 7.4, and for 
the five-subject yearly average 75.2 with a standard de-
viation of 7.0. The mean score of the National Education-
al Development Test scores received by the students, after 
eliminating four students because these scores were not 
available, was 17.7 with a standard deviation of 2.7. 
The means and standard deviations for these scores 
are compactly pictured below in Table 1. 
21 
Table 1. The Means and Standard Deviations of Scores 
Identity 
of Source of Scores Mean Standard Deviation 
Otis Mental Ability Test 113.6 8.8 
Symbolic-Unit Pre-Test 13.4 5.1 
Symbolic-Unit Post-Test 23.6 4.4 
General Science Average 76.4 7.4 
Five-Subject Average 75.2 7.0 
National Educational 
Development Test 17.7 2.7 
Relationship between sets of test scores.-- A correla-
tion among the above-mentioned ungrouped distribution of 
scores was computed according to the Pearson product-moment 
11 
formula. These correlations are represented by the values 
of the coefficient "r" neatly recorded in Table 2 below. 
1/M.J. Nelson, E.C. Denny, Arthur P. Coladarci, Statistics 
for Teachers, Dryden Press, Inc., New York, 1957, p. 97. 
Table 2. Tabulation of Correlation Coefficients Between 
Score Variables. 
22 
Identity of Variables Correlated Value of "r" 
The Symbolic-Unit Pre-Test 
with 
The Symbolic-Unit Post-Test. . . . . . 0.76 
The Otis Mental Ability Test . . . . . . . 0.36 
The General Science Average. . . . . . 0.57 
The Five-Subject Average . . . 0.63 
Otis Mental Ability Test 
with 
The Symbolic-Unit Post-Test. . . . 0.37 
The General Science Average. . . . 0.35 
The Five-Subject Average . . . . . 0.38 
The Symbolic-Unit Post Test 
with 
The General Science Average. . . . . . . . 0.65 
The Five-Subject Average . . . . . 0.66 
The General Science Average 
with 
The Five-Subject Average . . . . . . . 0.78 
The National Educational Development Test 
with 
The Otis Mental Ability Test . . . . . . . 0.64 
The objectivity and validity of the symbolic-unit post-
test.-- The objectivity of the symbolic-unit post-test was 
very high. The scores from the tests were carefully correc-
ted and tabulated by two students chosen by the writer and 
23 
were exactly the same as the scores from the second correc-
tion by the writer. This was a perfect correlation of ob-
jectivity. 
Face validity was employed to test whether this sym-
bolic-unit test efficiently measured what it attempted to 
measure. For statistical validity the symbolic-unit test 
yielded a 0.65 correlation coefficient with the General 
Science Average scores, and a 0.66 coefficient with the 
five-subject average of scores by use of the Pearson 
product-moment formula for ungrouped scores. 
The reliability and discriminating power of the sym-
bolic-unit post-test.-- To test the reliability or consist-
ency of the test the writer employed various methods. In 
the first place, after constructing a scatter diagram of 
students versus items-correctly-answered, by inspection 
the first, the second, the twenty-fourth, and the thirty-
ninth items were eliminated because less than three students 
answered them incorrectly (the first, and the second item) 
and less than three students answered them correctly (the 
twenty-fourth and the thirty-ninth item). 
A split half test was made for the reliability of the 
remaining 36 items (cf. Appendix D) by correlating the 
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correctly answered odd-numbered items (with a mean of 12.8 
and a standard deviation of 2.5) with the correctly an-
swered even-numbered items (with a mean of 10.8 and a stand-
ard deviation of 2.6). The final computation yielded a 
value of 0.47 for the correlation coefficient and a value 
of 0.64 for the reliability coefficient according to the 
11 
Spearman-Brown Prophecy formula. Another method employed 
to obtain an estimate of the reliability of a test available 
y 
in only one form is the footrule coefficient method. 
Applying this method yielded a coefficient of 0.59. More-
Y 
over, by the standard error of measurement formula a 
standard error of 3.34 was computed. 
These same 36 items were tested for their discriminat-
ing power between the high achievers and the low achievers 
quantitatively expressed as 27 percent (12 students). A 
chi square scatter diagram consisting of two rows and two 
columns for each item was made (cf. Appendix D). By in-
1/Helen M. Walker and Joseph Lev, Elementary Statistical 
Methods, Henry Holt & Co., New York, 1958, p. 155. 
YH.A. Greene, A.N. Jorgensen, and J.R. Gerberich, Measure-
ment and Evaluation in the Secondary School, Longmans, 
Green and Co., New York, 1959, p. 387. 
l/Ibid., p. 387. 
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spection of this table the author eliminated the third, the 
fifth, the sixth, the seventh, the eighth, the tenth, the 
fifteenth, the sixteenth, the seventeenth, the twenty-second, 
the twenty-eighth, the twenty-ninth, the thirtieth, the 
thirty-fifth, the thirty-sixth, and the fortieth item with 
the view in mind of choosing the best twenty of the original 
forty items. The discriminating index was computed by the 
y 
Yates'scorrection formula for the remaining twenty items 
and are included in Table 3 below. 
YJ.P. Guildford, Fundamental Statistics in Psychology and 
Education, McGraw-Hill Book Co., Inc., New York, 1956, 
p. 237. 
Table 3. Discriminating Index of the Twenty 
Best Items of the Symbolic-Unit 
Post-Test 
Identification Number 
of Original Item 
4. 
9. . 
11. . 
12 .•. 
13. • 
14. . • • . . . . . . 
18. . . • • • 
19. • . . 
20. • • • 
21. . 
23. 
25 •. 
26. . 
27. 
31. 
3 2. • 
33 •• 
34. . 
37. 
38. 
Discriminating 
Index "x" 
1.6 
1.6 
1.6 
2.5 
1.8 
1.4 
2.2 
1.8 
1.8 
2.2 
1.6 
3.0 
1.4 
1.4 
1.1 
2.5 
2.8 
1.8 
1.0 
1.2 
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CHAPTER IV 
THE RESULTS OF THE EXPERIMENT 
1. A Summary of the Results of the Experiment 
A unit of science on the topic of static equilibrium 
was constructed and taught by the whole method to a single 
experimental and homogeneous group of 40 students. Among 
other tests administered to these students the primary 
measuring instrument of the students• understandings was 
the symbolic-unit multiple-choice achievement test which 
was made up of forty items. This test was administered 
before and after the teaching of the unit. The scores 
from these tests were collected and tabulated together 
with the students• scores from the Otis Mental Ability 
Tests, from the National Educational Development Tests, 
from the year's average grades in General Science, and 
from the year's average grades in five school subjects. 
The means and standard deviations of these distri-
butions above were computed. Moreover, by the Pearson 
-27-
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product-moment formula a low positive correlation coeffi-
cient of approximately 0.36 was found between the Otis Men-
tal Ability Test scores and the students• achievement scores 
from the symbolic-unit pre-tests and post-tests, as well as 
the grades in General Science and in five school subjects. 
However, there was found a correlation coefficient of 0.64 
between the Otis Mental Ability Test scores and the National 
Educational Development Test scores. An intercorrelation 
among the distributions of scores representing achievement 
above yielded a positive correlation coefficient of approxi-
mately 0.60. 
The objectivity and face validity of the symbolic-unit 
post-test were found to be satisfactory. The reliability 
coefficient of the 36 better items of this test was 0.64 
according to the Spearman-Brown prophecy formula, and 0.59 
by the footrule coefficient method. By inspection of a 
drawn-up scatter diagram another 16 items were eliminated. 
The discriminating indices of the remaining best twenty 
items were computed by the Yates's correction formula and 
the average of all these indices was 1.8. The statistical 
validity of this test expressed as a correlation coeffi-
cient was approximately 0.66 in relation to school grades. 
2. Limitations of the Study and Suggestions for 
Further Study 
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There are limitations to a study of this nature in-
volving a single experimental group of human beings. The 
salient limitation of this study was the small size of the 
sample which limited randomness of sampling. Another limi-
tation was the lack of control on the motivations of the 
students from influences which were not part of the unit 
instruction, for example, home conditions, physical health, 
frame of mind, personality and character traits, friends 
and companions, and even instruction given in other school 
subjects. 
A third limitation concerned the control of the method 
variable, the whole method. This method included many fea-
tures which were tested collectively. The statistical re-
sults, therefore, reflect a quantitative measure of a 
collective qualitative variable considered as one factor. 
However, it should be remembered that this study had 
the very purpose of experimenting with a single group using 
a single method so that inherent limitations were expected. 
Suggestions for further study include the testing of 
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this unit with many random groups of students. Students• 
understandings will have been measured by means of the 
symbolic-unit test with the best twenty remaining items. 
Moreover, from a list of working hypotheses a most reason-
able and promising hypothesis can be chosen and tested by 
further experiments in which statistical tests of signifi-
cance are used. 
Of special interest is the low positive correlation 
between the symbolic-unit achievement post-test scores and 
the Otis Mental Ability Test scores. Further experiments 
with other groups can be conducted to accept or reject the 
null hypothesis that the whole method does not contribute 
toward more achievement especially by students whose scores 
on mental ability tests are low. 
Another suggestion for further study is the construct-
ing of a unit on the same Static Equilibrium by the part 
method, and the teaching of this unit to many random groups 
while this unit constructed by the whole method is taught 
to many other random groups with statistically comparable 
ages and intelligence. A significantly statistical differ-
ence in achievement caused by method variation might more 
definitely support the superiority of either method than 
would the single group experiment. 
APPENDICES 
APPENDIX A 
NOTES FROM THE DEVELOPMENTAL DISCUSSION CLASS 
1. Statements Made by Students Concerning the Practical 
Beauty of Architecture. 
a) The architecture of historical buildings is more 
beautiful than the architecture of modern build-
ings. 
b) Most buildings in Boston are not tall although 
they are beautiful. 
c) Historical buildings look heavier than modern 
buildings of the same size. 
d) Taller buildings are usually wider. 
2. A Problem on Static Equilibrium. 
"If a cable weighing 700 pounds is suspended from 
one end to the other end of two upright bridge supports, 
what is the weight upon each support?" 
The first nine students answered 700 pounds, the 
tenth student answered 350 pounds on each support. 
-32-
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3. The Central Ideas on Static Equilibrium Offered by 
Students. 
a) Objects are held together by something. 
b) One weight can be divided into many weights. 
c) Static Equilibrium means stationary balance. 
d) Architecture has to do with balance also. 
e) A weight need not always push down vertically. 
f) The weight of the cable pushes down at an angle 
to the support. 
APPENDIX B 
THE UNIT AND LABORATORY TEST 
STATIC EQUILIBRIUM 
GENERAL TIME SCHEDULE 
Class Time: forty (4~ minutes. 
PREVIOUS CLASS: 1. Symbolic-Unit Pre-Test 
2. Supplementary Pre-Test 
FIRST CLASS: 1. Introduction ••.•••••..•... 5 minutes 
2. Textbook Experiments •••••• 20 minutes 
3. Instructions and 
Homework assigned .••••••.• l5 minutes 
SECOND CLASS: 1. Homework collected •..•.••. 5 minutes 
2. Teacher's explanation •.••• 25 minutes 
3. Homework reviewed •.•••.••• lO minutes 
THIRD CLASS: 1. Homework collected •...•••• 5 minutes 
2. First lecturer •••.•••.••.• 7 minutes 
-class contribution ••••• 5 minutes 
Second lecturer ••••••.••.• 7 minutes 
-class contribution •.••• 5 minutes 
3. Homework reviewed •.•...••. lO minutes 
FOURTH CLASS : 1. Homework collected •.•••••. 5 minutes 
2. Teacher's explanation .•••• 25 minutes 
3. Homework reviewed •••••..•• lO minutes 
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FIFTH CLASS: 
SIXTH CLASS: 
SEVENTH CLASS: 
EIGHTH CLASS: 
NINTH CLASS: 
TENTH CLASS: 
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1. Homework collected ......... 5 minutes 
2. Teacher's explanation ...•.• 25 minutes 
3. Homework reviewed ..••••••.• lO minutes 
1. Homework collected ...•••..• 5 minutes 
2. Laboratory notes ..•••••••.. l5 minutes 
-discussion •.•••••••••.•. lO minutes 
3. Homework reviewed •••.••••.. lO minutes 
1. Homework collected ..•.•.... 5 minutes 
2. Teacher's explanation ...•.. 25 minutes 
3. Homework reviewed .....•.... lO minutes 
1. Equipment checked •.••...••. 5 minutes 
2. Laboratory Test ...••.•.••.• 20 minutes 
3. Measurement notes .•.•.••.•• l5 minutes 
Homework assigned 
1. Homework checked ....•...... 5 minutes 
2. Measurements explained .••.. 25 minutes 
3. Homework reviewed ..•...••.. lO minutes 
Test announced 
1. Symbolic-Unit Post-Test 
2. Supplementary Post-Test 
36 
FIRST CLASS 
"EQUAL AND OPPOSITE FORCES: STATIC EQUILIBRIUM" 
Directions: 
THE TEACHER LETTERS THIS TITLE ON THE BLACKBOARD 
"For the next ten classes we shall consider this topic" 
"Remove everything from your desk top except your textbook. 
Let us begin by agreeing on a definition: a push or a pull 
we shall from now on call a force." 
"Rest your book flat on your desk top and with its opening 
facing you. Push with a finger of your right hand against 
the right side of your textbook, and at the same time, 
push with a finger of your left hand on the left side of 
the same textbook in such a way that the textbook itself 
does not move in any direction. Let us give a name to this 
condition of the book not moving. We call this condition 
static equilibrium. We use the word static, because the 
object is stationary. We use the word equilibrium, because 
the force of your left finger is egual in amount and 
opposite in a side-to-side direction to the force exerted 
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by your right finger. 11 
"As you can plainly see, the textbook is not compressed. 
It serves to transmit the two equal and opposite forces 
of your two fingers." 
"Pick up your textbook flat with your right hand. Extend 
the palm of your left hand upward about one foot high above 
the desk top." 
"Place the textbook flat upon your palm. Rest your right 
hand loosely upon the book without lowering it." 
"In this instance, also, the textbook is in a condition of 
static equilibrium, because, your left hand pushes up with 
a force that is equal in amount and opposite in direction 
to the combined weight or force of the book and of your 
right hand downward." 
"Replace your book on your desk top as it stood before." 
"Let us give a name to this condition of static equilibrium 
in these two examples. Let us call this static equilibrium 
translatory. We use the word translatory because the en-
tire book as such is not translated or moved along a path 
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or line neither up nor down nor from side to side. In 
other words, neither the textbook, nor the hand, nor the 
desk moves, along a path because the forces on all sides 
are balanced ... 
nExtend your left arm straight out in front of you six 
inches above the desk top. Place the book flat on your 
left arm and balance it there without any other support. 
It is challenging. As before, this textbook is in trans-
latory static equilibrium. The textbook and arm are 
stationary in relation to each other in an up-and-down 
direction ... 
11 Replace your textbook on your desk top as before." 
"If you have succeeded in balancing the textbook without 
its wobbling it will not fall off and around your arm, 
rotating as it falls. From this point of view, this text-
book is in a non-rotating stationary condition. We give 
this condition a name, rotary static equilibrium. We use 
the word rotary, because, the book does not rotate or spin. 
Half of the book on one side of the arm pushes down on 
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that side with the same amount of force or weight as the 
other half of the book pushes down on the other side of 
the arm. Both halves of the book, in effect, are balanced 
level on top of your arm which serves as a pivot." 
Directions: 
THE TEACHER ASKS THE STUDENTS TO WRITE THE FOLLOWING: 
"All students will write in their textbook the following:" 
"This example illustrates a condition of static equilibrium. 
From one viewpoint the textbook is in translatory static 
equilibrium and this in relation to your arm pushing up. 
From another point of view the textbook is in rotary static 
equilibrium in relation to itself. The book itself is not 
rotating. In other words, the entire condition of the text-
book may be described as a condition of static equilibrium 
which is both translatory and rotary from different points 
of view at one and the same time. The converse, also, is 
true: as the textbook falls it is neither in translatory 
nor rotary static equilibrium." 
40 
GUIDE SHEET ON STATIC EQUILIBRIUM 
NOTE: EACH STUDENT IS TO POSSESS THIS GUIDE SHEET DURING 
EACH CLASS 
Experiments With Tex·tbook: .•... STATIC EQUILIBRIUM 
Opposite In Direction: 
FORCE OF GRAVITY - VERTICAL 
FORCE OF FRICTION - HORIZONTAL ---REAL FORCES ON EARTH 
FORCE AT ANGLE - ANGULAR 
HEAD TO FOOT - VERTICAL 
EYE TO EYE - HORIZONTAL ---ISOLATED FORCES IN SPACE 
AT AN ANGLE -ANGULAR 
Equal In Amount •••....•••..•• AN EQUILIBRANT FORCE 
A RESULTANT FORCE 
-COMPONENT FORCE 
Along The Same Line Of Action:.CONCURRENT FORCES 
Along The Same Plane: ••...••••• COPLANAR FORCES 
Laboratory 
Measurement Of Forces 
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Directions: 
THE TEACHER ASKS THE STUDENTS TO WRITE THE FOLLOWING: 
"A CONCLUSION: Any two objects which are stationary 
in relation to each other are in 
translatory static equilibrium. From another point 
of view either of these stationary objects is also 
in rotary static equilibrium in relation to itself." 
Directions: 
THE TEACHER CONTINUES TO READ: 
"All students will stop writing and listen: 
"Each student will receive a guide sheet pertaining to our 
study of static equilibrium." 
Directions: 
THE TEACHER DISTRIBUTES THESE GUIDE SHEETS AND CONTINUES: 
"Your written homework for next class consists of compiling 
a list of titles and authors of books or a list of other 
sources of information on the topic of equilibrium of 
stationary objects. 
"For the second class following this class, your homework 
consists of a written report of any number of words of your 
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information on the topic of the same static equilibrium." 
"During class on this day two students may lecture for about 
seven minutes each on this topic of static equilibrium. 
Will those students who wish to volunteer to lecture, please, 
raise your hand?" 
Directions: 
THE TEACHER CHOOSES TWO STUDENTS (PREFERABLY, HIGH 
ACHIEVERS) FROM AMONG THESE VOLUNTEERS, AND CONTINUES: 
"The two students who will lecture will not read from a 
paper, although each may make use of visual aids and of 
the blackboard." 
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SECOND CLASS 
"Hand in your homework, please. Those who have not handed 
in homework raise your hand, please." 
Directions: 
THE TEACHER MAKES A NOTE OF THESE AND CONTINUES: 
"Those who have not handed in homework will for next class 
do today•s homework together with the regular homework for 
next class. Regular homework for next class for all stu-
dents consists of a written summary of more information ob-
tained on the topic of static equilibrium ... 
"All students will merely listen without writing: 
"We have already come to understand that any two objects 
which are stationary in relation to each other are in trans-
latory static equilibrium. From another point of view the 
individual objects are also in rotary static equilibrium. 
In other words, a single object can be in both translatory 
and rotary static equilibrium at one and the same time, 
although from different points of view respectively in re-
lation to another object or in relation to itself. Let us 
now obtain a clearer picture of how forces act. Let us 
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define some directions. In the first place, we can agree 
upon a line of direction which is constant and which can 
serve as a constant frame of reference. Weight, the pull 
of gravity, is a familiar force which acts downward toward 
the center of the earth. The weight of the book presses 
downward and the supporting hand pushes upward with an 
equal force. Let us call this downward and upward direc-
tion of force vertical. In fact, this vertical direction 
coincidentally corresponds to a direction from head to foot 
and from foot to head of a person in a naturally standing 
and erect position. Using another example, when you 
pressed the finger of your right hand against the book 
resting flat on the desk top, a force occasioned by the 
pressing together of the two surfaces of the book and desk 
opposed the force exerted by your finger against the book. 
This force we call static friction and the direction of 
this frictional force or of any other force in this direc-
tion we call horizontal. Another possible direction is 
that of a line of force which acts at an angle to the above-
mentioned vertical force or to the above-mentioned hori-
zontal force. Let us call this direction angular." 
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Directions: 
THE TEACHER ASKS THE STUDENTS TO WRITE THE FOLLOWING: 
"In conclusion, let us agree that there are three 
possible directions in which a combination of forces can 
act when the objects in question are in translatory static 
equilibrium. These directions are vertical, horizontal, 
or angular. We can represent these force directions by 
force arrows thus: 
Directions: 
THE TEACHER DRAWS ON THE BLACKBOARD THE FOLLOWING: 
1 
l • ) 
11We know from experience that when we speak of a stationary 
condition we are considering at least two objects. One ob-
ject is stationary always in relation to another. One 
force is equal and opposite always in relation to another 
force which is equal and opposite to it. In other words, 
the condition of static equilibrium always implies that 
there are at least two forces acting against each other. 11 
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Directions: 
THE TEACHER ASKS THE STUDENTS TO STOP WRITING AND TO 
LISTEN AS THE TEACHER CONTINUES: 
"Now, for the sake of more clearly picturing the individual 
single force in static equilibrium, let us isolate mentally 
an individual force. To accomplish this we conduct a men-
tal experiment. In order to remove as many conditions as 
possible which might engender an opposite force we picture 
a single force to be located in outer space where there is 
no weight, no friction, and no air resistance. Let us 
imagine ourselves to be in this condition of outer space, 
also." 
Directions: 
THE TEACHER DRAWS ON THE BLACKBOARD THE FOLLOWING: 
"Since there is no weight we do not as before establish the 
direction of the action of weight as our constant reference 
line. We need another line of reference. Let us use the 
same direction in which weight on earth acts, namely, from 
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head to foot of a person in a naturally standing and erect 
position. In other words, let us imagine the length of the 
body of a person in space to be a frame of reference. If 
the force arrow points parallel to the body of the student, 
from head to foot or from foot to head, the direction of 
force for this student is vertical." 
Directions: 
THE TEACHER DRAWS A LINE FROM HEAD TO FOOT ON THE THREE 
FIGURES THUS: 
I 
I 
I 
olt 
~---~ ,...4 "'~-~ 
"If the direction of the force arrow is from eye to eye and 
perpendicular to the vertical, the direction of the force 
for this student is horizontal. 11 
Directions: 
THE TEACHER DRAWS A LINE FROM EYE TO EYE OF THE THREE 
FIGURES ABOVE IN THIS FASHION: 
~ 
I 
I 
,), 
1' 
I 
uif the direction of the force arrow is at an angle to 
either the vertical or the horizontal, the direction of 
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force for this student is angular." 
Directions: 
THE TEACHER DRAWS LINES AT AN ANGLE THUS: 
_\ ___ ~_ 
/ 
Directions: 
\[ / 
/i~ 
I 
I 
THE TEACHER ASKS THE STUDENTS TO WRITE THE FOLLOWING: 
"What have we been doing thus far? We have mentally iso-
lated a single force and considered it to be located in 
space without weight, friction, and air resistance. We 
have inferred that such a single force can have three 
possible directions: vertical, horizontal, or angular." 
"I will distribute your homework papers." 
Directions: 
THE TEACHER DISTRIBUTES ALL HOMEWORK PAPERS. 
"Please, do not possess your own homework paper, but that 
of another student. Sign your name at the upper right 
49 
hand corner of the paper you possess. Draw a circle around 
your name. Those students who have not handed in homework 
will, instead, write a summary of the explanation presented 
today. You will all read, comment upon, and evaluate the 
paper you possess. Write across the page the word 'poor•, 
• fair • , • good • , or • very good • • 11 
Directions: 
MEANWHILE, THE TEACHER MAY GO ABOUT THE CLASSROOM TO 
SPEAK WITH INDIVIDUAL STUDENTS CONCERNING THE TOPIC AT 
HAND. AT AN APPROPRIATE TIME THE TEACHER ANNOUNCES: 
11Will each student in the last seat of each row collect the 
homework papers in his row. Pass these across to the 
teacher's desk. While the papers are being collected will 
(a low achiever by name) present from his desk a summary 
of the two lectures ... 
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THIRD CLASS 
"Hand in your homework, please. Those who have not handed 
in homework raise your hand, please." 
Directions: 
THE TEACHER MAKES A NOTE OF THESE AND CONTINUES: 
"Those who have not handed in homework will for next class 
do today's homework together with the regular homework for 
next class. Regular homework for next class for all stu-
dents consists of a written summary of more information ob-
tained on the topic of static equilibrium." 
"Will the first lecturer (designate one by name) come to 
the front of the room and explain in about seven minutes 
his findings on the topic of static equilibrium." 
Directions: 
THE TEACHER GIVES A SIGNAL SAYING: 
"You have one minute left." 
"Now that the first lecturer has finished his explanation 
the class may add to this information. The first lecturer 
will acknowledge the individual student who volunteers by 
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raising his hand. We will continue this for five minutes." 
Directions: 
THE TEACHER DOES NOT ALLOW QUESTIONS PUT TO THE LECTURER 
NOR ALLOW DISCUSSION AMONG STUDENTS. ALLOW ONLY STATEMENTS. 
"Will the second lecturer (designate one by name) come to 
the front of the room and explain in about seven minutes 
his findings on the topic of static equilibrium." 
Directions: 
THE TEACHER GIVES A SIGNAL SAYING: 
"You have one minute left ... 
"Now that the second lecturer has finished his explanation 
the class may add to this information. The second lecturer 
will acknowledge the individual student who volunteers by 
raising his hand. We will continue this for five minutes." 
Directions: 
THE TEACHER DOES NOT ALLOW QUESTIONS PUT TO THE LECTURER 
NOR ALLOW DISCUSSION AMONG STUDENTS. ALLOW ONLY STATEMENTS. 
"I will distribute your homework papers." 
Directions: 
THE TEACHER DISTRIBUTES ALL HOMEWORK PAPERS. 
J3()STON UNIVERSITY 
EDUCATION LIBRARY 
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"Please, do not possess your own homework paper, but that 
of another student. Sign your name at the upper right hand 
corner of the paper you possess. Draw a circle around your 
name. Those students who have not handed in homework will, 
instead, write a summary of the two lectures and of the 
added information contributed by the class. You will all 
read, comment on, and evaluate the paper you possess. 
Write across the page the word 'poor', 'fair', 'good', or 
'very good'." 
Directions: 
MEANWHILE, THE TEACHER MAY GO ABOUT THE CLASSROOM TO 
SPEAK WITH INDIVIDUAL STUDENTS CONCERNING THE TOPIC 
AT HAND. AT AN APPROPRIATE TIME THE TEACHER ANNOUNCES : 
"Will each student in the last seat of each row collect the 
homework papers in his row. Pass these across to the 
teacher's desk. While the papers are being collected will 
(a low achiever by name) present from his desk a summary of 
the two lectures." 
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FOURTH CLASS 
"Hand in your homework, please. Those who have not handed 
in homework raise your hand, please." 
Directions: 
THE TEACHER MAKES A NOTE OF THESE AND CONTINUES: 
"Those who have not handed in homework will for next class 
do today's homework together with the regular homework for 
next class. Regular homework for next class for all stu-
dents consists of a written summary of more information 
obtained on the topic of static equilibrium." 
Directions: 
THE TEACHER ASKS THE STUDENTS TO WRITE THE FOLLOWING: 
"While the textbook rested on your arm in translatory static 
equilibrium the downward weight of the book engendered in 
your arm an upward force equal in amount and opposite in 
direction to it. These forces balanced or equalized each 
other. From different viewpoints, each of these forces may 
be called an equilibrant force. We use the word equilibrant 
because of its similarity to the word equalize. Further-
more, the interaction of these two forces results in a 
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counterbalancing of each other so that there is no unbal-
anced force in either direction. From this point of view, 
we can call the combined effect of these two forces a re-
sultant. Actually, in this individual case this resultant 
force is equal to zero force in either direction, and is a 
zero total force. Moreover, from another point of view, 
the individual forces involved may each be called component 
forces of the total resultant force of zero. We use the 
word component, because the resultant force of zero is com-
posed of the two forces in translatory static equilibrium. 
Let us note in passing that not all component forces com-
bine in effect to a total zero force. 
11 This same terminology can be applied to the book itself 
which does not rotate as it is in rotary static equilibrium. 
The weight of one half of the nook tending to turn the book 
in a clockwise direction is balanced or equalized by the 
weight of the other half of the book tending to turn the 
book in an opposite counterclockwise direction. From this 
point of view each of these forces may be called an equili-
brant force. But, from another point of view the combined 
effect of these two forces may be called a resultant where 
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the textbook is in rotary static equilibrium with zero total 
force. And, from a third point of view each of these forces 
may be called a component force of this resultant. Mean-
while, the textbook is, in relation to itself in rotary 
static equilibrium. 
11 In like manner, the combined weight of the book and of the 
right hand resting upon it may from one point of view be 
called a component force as well as an equilibrant force. 
Also, the combined weight of the book and of the right hand 
can be called an equilibrant force balancing the upward 
push of the left hand which itself may be called an equili-
brant force. And, the combined effect of these three forces 
may be called a resultant force of zero, and the three indi-
vidual forces may each be termed a component force of this 
resultant force. 
11 In conclusion, the choice of the word equilibrant, result-
ant, or component to describe a force depends on what view-
point one takes, and depends on what particular object or 
part of an object one is considering at a particular single 
time ... 
11 I will distribute your homework papers ... 
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Directions: 
THE TEACHER DISTRIBUTES ALL HOMEWORK PAPERS. 
"Please, do not possess your own homework paper, but that 
of another student. Sign your name at the upper right hand 
corner of the paper you possess. Draw a circle around 
your name. Those students who have not handed in homework 
will, instead, write a summary of the explanation presented 
today. You will all read, comment upon, and evaluate the 
paper you possess. Write across the page the word 'poor', 
'fair', 'good', or 'very good'." 
Directions: 
MEANWHILE THE TEACHER GOES ABOUT THE CLASSROOM, AND THEN 
ANNOUNCES: 
"Will each student in the last seat of each row collect the 
homework papers in his row. Pass these across to the 
teacher's desk. While the papers are being collected will 
(a low achiever by name) present from his desk a summary of 
the two lectures." 
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FIFTH CLASS 
"Hand in your homework, please. Those who have not handed 
in homework raise your hand, please." 
Directions: 
THE TEACHER MAKES A NOTE OF THESE AND CONTINUES: 
"Those who have not handed in homework will for next class 
do today's homework together with the regular homework for 
next class. Regular homework for next class for all stu-
dents consists of a written summary of more information ob-
tained on the topic of static equilibrium." 
Directions: 
THE TEACHER ASKS THE STUDENTS TO WRITE THE FOLLOWING: 
"Another question which comes to mind is whether or not 
even the choice of the terminology 'translatory' or 'rotary' 
when used to describe the interaction of forces of objects 
in static equilibrium depends upon what point of view is 
taken by the observer. We had concluded that the textbook 
was in translatory static equilibrium always in relation to 
another object. In other words, there are always at least 
two objects involved, and, always at least two forces in-
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volved. Moreover, the implication was that the two forces 
were each single individual forces opposed to each other. 
Actually, on the micromolecular scale the weight of each 
molecule of the textbook pushes down on the desk in such 
a way that the combined weights of these molecules act in 
effect as a single force the length and width of the text-
book. And conversely, all molecules of the desk push up 
against the weight of the textbook in effect as a single 
individual force the length and width of the textbook. On 
the macromolecular scale, however, the representationsof 
these forces are in effect single forces the length and 
width of the textbook. Or, we might represent the com-
bined effect of the weights of all molecules of the text-
book as a resultant single force opposite in direction to 
the resultant single force of the combined effect of the 
forces of all molecules of the desk the length and width 
of the textbook acting as a resultant single force." 
11 These two resultant forces may be represented as single 
force arrows the width of a pencil line or chalk line. And, 
the point where these two forces meet in the textbook and 
in the desk we call the center of gravity or the center of 
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mass -that point where all the weight or mass in effect is 
concentrated. The extension of this point forming a line 
through the object is called the line of action of the 
force of an object. When this line of action of the force 
of one object is directed along the line of action of the 
force of another object these forces being equal in amount 
and opposite in a linear direction - the forces are said 
to be concurrent. But, it is also true that when the 
forces of objects in relation to each other are equal and 
opposite the objects are said to be in translatory static 
equilibrium. Therefore, we may conclude that when equal 
and opposite forces exerted by objects are concurrent these 
objects are in translatory static equilibrium. Conversely, 
a requirement of translatory static equilibrium is con-
currency of equal and opposite forces.rr 
"I will distribute your homework papers." 
Directions: 
THE TEACHER DISTRIBUTES ALL HOMEWORK PAPERS. 
"Please, do not possess your own homework paper, but that 
of another student. Sign your name at the upper right hand 
corner of the paper you possess. Draw a circle around your 
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name. Those students who have not handed in homework will, 
instead, write a summary of the explanation presented to-
day. You will all read, comment upon, and evaluate the 
paper you possess. Write across the page the word 'poor', 
'fair', 'good', or 'very good'. 11 
Directions: 
MEANWHILE THE TEACHER GOES ABOUT THE CLASSROOM TO SPEAK 
WITH INDIVIDUAL STUDENTS CONCERNING THE TOPIC AT HAND. 
AT AN APPROPRIATE TIME THE TEACHER ANNOUNCES: 
11Will each student in the last seat of each row collect 
the homework papers in his row. Pass these across to the 
teacher's desk. While the papers are being collected will 
(a low achiever by name) present from his desk a summary 
of the two lectures. 11 
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SIXTH CLASS 
LABORATORY EXPERIMENTATION 
"Hand in your homework, please. Those who have not handed 
in homework raise your hand, please. 11 
Directions: 
THE TEACHER MAKES A NOTE OF THESE AND CONTINUES: 
"Those who have not handed in homework will for next class 
do today's homework together with the regular homework for 
next class. Regular homework for next class for all stu-
dents consists of a written summary of more information 
obtained on the topic of static equilibrium and especially 
on experimentation. 
Directions: 
THE TEACHER ASKS THE STUDENTS TO WRITE THE FOLLOWING: 
"We experimentally studied static equilibrium with the text-
book. I suggest a useful experiment with the force board 
to be described subsequently. 
"The purpose of experimentation is to observe natural phe-
nomena, and from this observation come to a generalization 
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or conclusion which we then express in scientific terms as 
a principle or law. As a point of departure or direction 
to be followed - not as a preconceived idea - we directed 
our attention toward a tentative conclusion or hypothesis 
that when two or more objects are stationary these objects 
exert forces equal in amount and opposite in direction. We 
postulated a working definition of force (a push or a pull) 
which is not really subject to experimentation." 
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LABORATORY EXPERIMENTATION 
Directions: 
EACH STUDENT IS TO POSSESS THIS PAGE AND LISTENS AS THE 
TEACHER READS : 
"A scientist needs equipment to work with. In this spirit, 
therefore, and in order to carry out an experiment with 
stationary objects, each student will need for the Eighth 
Class the following materials: 
a) Five (5) rubber bands. 
b) Five (5) small paper clips. 
c) Two loose leaf sheets of paper of standard size. 
d) One stiff cardboard half the size of a loose 
leaf sheet of paper. 
e) One pencil of nearly full length which need not 
be sharpened. 
f) A straight edge. 
~ 
WORK TO BE DONE AT HOME: 
a) Cut the sheets of loose leaf paper in half along 
a middle guide line. 
b) Place these half sheets upon each other and place 
the four sheets on top of the stiff cardboard of 
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the same size. 
c) Hold these papers to the cardboard with the paper 
clips. 
d) Cut out a straight edge from cardboard or from 
another similar material about the size of the 
length of the force board and one inch wide. Do 
not mark this straight edge with units of measure-
ment. 
e) Place the rest of the materials in a suitable 
envelope or in another container." 
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NOTE: EACH STUDENT IS TO POSSESS THIS PAGE. 
DESCRIPTION OF APPARATUS TO BE USED 
IN LABORATORY EXPERIMENTATION 
OF STATIC EQUILIBRIUM 
~pproximate size of straight edge 
ACTUAL SIZE OF FORCE BOARD: 
---
paper clip 
-
J 
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Directions: 
BEFORE DISTRIBUTING THE HOMEWORK PAPERS AND IF TIME PER-
MITS THE TEACHER MAY ALLOW THE STUDENTS TO CARRY ON A 
DISCUSSION. DO NOT PERMIT THE STUDENTS TO ARGUE AMONG 
THEMSELVES BUT ENCOURAGE THEM TO MAKE STATEMENTS. 
"I will distribute your homework papers." 
Directions: 
THE TEACHER DISTRIBUTES ALL HOMEWORK PAPERS. 
"Please, do not possess your own homework paper, but that 
of another student. Sign your name at the upper right hand 
corner of the paper you possess. Draw a circle around 
your name. Those students who have not handed in homework 
will, instead, write a summary of the explanation presented 
today. You will all read, comment upon, and evaluate the 
paper you possess. Write across the page the word 'poor', 
'fair', 'good' , or 'very good' . " 
Directions: 
MEANWHILE THE TEACHER GOES ABOUT THE CLASSROOM TO SPEAK 
WITH INDIVIDUAL STUDENTS CONCERNING THE TOPIC AT HAND. 
AT AN APPROPRIATE TIME THE TEACHER ANNOUNCES: 
"Will each student in the last seat of each row collect the 
homework papers in his row. Pass these across to the 
teacher's desk. While the papers are being collected will 
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(a low achiever by name) present from his desk a summary of 
the two lectures." 
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SEVENTH CLASS 
"Hand in your homework, please. Those who have not handed 
in homework raise your hand, please." 
Directions: 
THE TEACHER MAKES A NOTE OF THESE AND CONTINUES : 
"Those who have not handed in homework will for next class 
do today's homework together with the regular homework for 
next class. Regular homework for next class for all stu-
dents consists of bringing to class the force board and 
equipment necessary to conduct the experiment on static 
equilibrium. 
Directions: 
THE TEACHER ASKS THE STUDENTS TO WRITE THE FOLLOWING: 
"What viewpoint do we take when we consider an object to 
be in rotary static equilibrium? We had described the 
stationary condition of the textbook resting on the arm 
as one of rotary static equilibrium. The combined weights 
of the molecules of the left half of the textbook on one 
side of the arm act in effect as a single resultant force 
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tending to rotate the textbook in a counterclockwise direc-
tion. But, the combined weights of the molecules of the 
other half of the textbook on the other side of the arm 
acting in effect as a single force tended to rotate the 
textbook in a clockwise direction. Because these two were 
equal in amount and opposite in a rotary direction the text-
book was balanced in rotary static equilibrium. Our view-
point in this example is one of considering the textbook 
in relation to itself, that is, one part of the textbook 
in relation to the other part. The two component weights 
of the two halves of the book are not in line, that is, 
they are not concurrent, although they are parallel to 
each other in opposite rotary direction. From this point 
of view, the object is said to be in rotary static equili-
brium in relation to itself. Moreover, if these two 
weights were not equal to each other or not in opposite 
rotary direction, the book would topple over and rotate in 
the direction of the unbalanced force. When the force per 
unit length of one part of an object equals the force per 
unit length of the other part of the object in opposite 
rotary direction the balanced object is said to be in ro-
tary static equilibrium. This weight per unit length is 
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called a torque when it is in opposite rotary direction to 
the weight per unit length on the other side of the pivot. 
When the clockwise torque is equal to the counterclockwise 
torque the object in question is in a state of rotary 
static equilibrium. We might note in passing that the 
direction of rotation is vertical in this case, and that 
the pivot of rotation is horizontal to the direction of 
rotation. 
"Some students I noticed pressed with their finger against 
the corner of the top cover of the textbook resting station-
ary on the desk top. I noticed that the textbook twisted a 
bit. This twisting, or what is called distortion, of the 
textbook occurred because the book itself was not rigid, 
that is, the pages of the book were free to slide over each 
other to some degree. In this case the force of the finger 
was exerted along the top cover or plane of the textbook, 
while the force of friction which opposed it acted along a 
different plane, namely, the bottom cover of the textbook. 
These forces, in other words, were not coplanar and distor-
tion occurred in the textbook itself. Presently, and for 
the sake of simplicity, we will restrict our attention to 
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forces which are coplanar. We can do this by conveniently 
isolating a particular part of an object at one time and 
consider the forces acting on it only. For example, we 
can isolate the top cover of the textbook and at another 
time any and each individual page, and at another time the 
bottom cover of the textbook. 
"I will distribute your homework papers." 
Directions: 
THE TEACHER DISTRIBUTES ALL HOMEWORK PAPERS. 
"Please, do not possess your own homework paper, but that 
of another student. Sign your name at the upper right hand 
corner of the paper you possess. Draw a circle around 
your name. Those students who have not handed in homework 
will, instead, write a summary of the explanation presented 
today. You will all read, comment upon, and evaluate the 
paper you possess. Write across the page the word 'poor•, 
'fair', 'good', or •very good'." 
Directions: 
MEANWHILE THE TEACHER GOES ABOUT THE CLASSROOM TO SPEAK 
WITH INDIVIDUAL STUDENTS CONCERNING THE TOPIC AT HAND. 
AT AN APPROPRIATE TIME THE TEACHER ANNOUNCES: 
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"Will each student in the last seat of each row collect 
the homework papers in his row. Pass these across to the 
teacher•s desk. While the papers are being collected will 
(a low achiever by name) present from his desk a summary 
of the two lectures ... 
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EIGHTH CLASS 
LABORATORY EXPERIMENTATION 
Directions: 
EACH STUDENT IS TO HAVE IN HIS POSSESSION THE NECESSARY 
LABORATORY EQUIPMENT AND THIS LABORATORY TEST. UNDER-
LINE THE CORRECT ANSWER. THE TEST SHOULD NOT EXCEED 
TWENTY (20) MINUTES. COMPLETE THE ANSWER SHEET AT THE 
END OF THIS TEST. 
1. If the weight of the textbook on the desk top is ex-
plained as an attraction of the earth for that text-
book with a corresponding attraction of the textbook 
for the earth, show by means of the materials you have 
that these equal forces in static equilibrium are pulls. 
By way of suggestion, you can represent the center of 
the earth at one end of the rubber band, and the center 
of gravity of the textbook at the other end. 
DRAW A DIAGRAM OF THIS ON THE FIRST PAGE OF THE FORCE 
BOARD. 
a) The two objects which are in translatory static equi-
libriurn are (1) the two paper clips, (2) the paper 
clip and the rubber band, (3) the paper clip and the 
force board, (4) all of these. 
74 
SELECT THE CORRECT ANSWER AND WRITE THE CORRESPONDING 
NUMBER ON THE ANSWER SHEET AT THE END OF THE TEST. 
b) If the rubber band is considered to merely transmit 
the pull from paper clip to paper clip, the two objects 
in translatory static equilibrium are (1) the paper 
clip and the band, (2) the band and the paper clip, 
(3) the two paper clips, (4) all of these. 
2. One measures one's own weight with a weight scale. A 
grocer measures weight with a spring scale. The unit 
of weight used in the United States is the standard 
pound. The stretch of the spring on the scale a cer-
tain distance or unit represents a unit of force of 
one pound. Multiple stretches of this unit of dis-
tance represent multiple units of force or pounds. 
Measure and mark off equal intervals on your straight 
edge. Number these equally spaced marks from one to 
ten, from one to twenty, from one to thirty, or from 
one to forty, depending on which you think will be the 
more exact scale to measure units of force. 
a) The more exact scale has numbered intervals from {1) 
one to ten, {2) one to twenty, (3) one to thirty, {4) one 
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to forty. 
3. Stretch one rubber band between two paper clips and two 
rubber bands tied together at their ends with the other 
two ends looped onto the other two paper clips of the 
same distance apart. Let us agree to call the actual 
stretch of the band according to the intervals or units 
marked off on the straight edge newtons rather than 
pounds or fractions of a pound. 
a) In order to obtain a reading of the units of force 
in newtons of the tied rubber bands using the already 
calibrated straight edge we should (1) read one unit 
distance to represent one newton, (2) four units of 
distance to represent one newton, (3) change the scale, 
(4) none of these. 
b) The paper clip in relation to the looped rubber 
band considered another object is (1) in translatory 
static equilibrium, (2) in rotary static equilibrium 
only, (3} in both translatory and rotary static equi-
librium, (4) in neither of these. 
c) If it is true that the paper clips are in transla-
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tory static equilibrium in relation to each other we 
can say that the force board itself (1) merely trans-
mits the force, (2) increases the force, (3) decreases 
the force, (4) all of these. 
d) If the rubber band should snap, the molecules at 
the point of separation are in relation to each other 
(1) in rotary static equilibrium, (2) in translatory 
static equilibrium, (3) in both rotary and translatory 
static equilibrium, (4) in neither of these. 
4. Tie three rubber bands together at their ends knotting 
them at one point. Stretch the opposite ends of these 
bands to different points along the edge of your force 
board holding them there on the paper clips. 
DRAW A DIAGRAM OF THIS ON THE SECOND PAGE OF THE FORCE 
BOARD. 
a) Any one of these forces exerted by a single rubber 
band may be considered (1) a resultant force only, 
(2) a component force only, (3) an equilibrant force 
only, (4) any of these. 
b) Choosing one of the rubber bands as one equilibrant 
force the other equilibrant force will be equal to (1) 
!"'. .. 
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any other single rubber band, (2) half of another single 
rubber band, (3) the resultant of the other two rubber 
bands, (4) none of these. 
c) The resultant force of any two single component 
rubber bands is equal to (1) the numerical sum of 
these, (2) the force value of a single component force, 
(3) the value of the third rubber band, (4) each of 
these. 
d) The direction of the resultant of any two single 
component rubber bands is opposite in a straight line 
direction to (1) the third rubber band, (2) any single 
component rubber band, (3) a force parallel to the 
equilibrant, (4) none of these. 
e) The resultant of the three forces exerted by the 
rubber bands are equal to (1) the numerical sum of 
these, (2) zero total unbalanced force, (3) an un-
balanced force, (4) none of these. 
5. Loop a rubber band around the center of the pencil and 
loop the other end around a paper clip on the border 
of the force board. Loop two other rubber bands each 
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at different ends of the pencil, and loop the other 
ends of the bands each on two other paper clips at 
two points on the border of the force board the same 
distance apart so that the pencil is stationary be-
tween the pulls of the rubber bands. 
a) The pencil is in (1) translatory static equili-
brium, (2) rotary static equilibrium, (3) both trans-
latory and rotary static equilibrium, (4) none of 
these. 
b) The forces of the two rubber bands on one side of 
the pencil are (1) at an angle to each other, (2) per-
pendicular to each other, (3) parallel to each other, 
(4) none of these. 
c) The forces of the two rubber bands on one side of 
the pencil are equal to (1) half the value of the 
force of the single rubber band, (2) the value of one 
force of one of these rubber bands, (3) the value of 
the force of the third band on the other side of the 
pencil, (4) none of these. 
d) The combined effect of the two component forces on 
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one side of the pencil is called (1) an isolated 
force, (2) a resultant force, (3) an angular force, 
(4) none of these. 
e) The line of action of the forces that hold the pen-
cil in translatory static equilibrium is along (1) 
one of the two component forces on one side of the 
pencil, (2) the single equilibrant force on one side 
of the pencil, (3) parallel to the pencil, (4) none of 
these. 
f) The pencil itself in relation to itself and from 
a particular standpoint can be considered to be in 
(1) translatory static equilibrium, (2) rotary static 
equilibrium, (3) both translatory and rotary static 
equilibrium, (4) none of these. 
g) All the forces which are acting on the pencil are 
( 1) coplanar, ( 2) not coplanar, ( 3) angular, ( 4) none 
of these. 
ON THE THIRD PAGE OF THE FORCE BOARD DRAW A DIAGRAM OF 
THE FORCES ACTING ON THE PENCIL. 
ON THE FOURTH PAGE OF THE FORCE BOARD DRAW A PICTURE 
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DIAGRAM OF SOME OBJECT OTHER THAN THE TEXTBOOK WHICH HAS 
THESE FORCES ACTING ON IT. AS YOUR EQUILIBRANT FORCE 
CHOOSE AN OBJECT WITH WEIGHT. 
h) The name of the object which you chose is __________ _ 
NOTE:--AFTER TWENTY MINUTES OF TESTING TIME THE TESTS ARE 
CORRECTED IN CLASS. 
--THE STUDENTS RETAIN THEIR FORCE BOARDS. 
--THEN, THE TEACHER DISTRIBUTES THE NOTES ON 
MEASUREMENTS. 
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ANSWER SHEET TO TEST ON LABORATORY EXPERIMENTATION 
DIRECTIONS: FILL IN THE SPACE BELOW THE NUMBER REPRESENTING 
THE CORRECT ANSWER. For example: 0 0 • 0 
1 2 3 4 
NAME OF STUDENT 1. a) 0 0 0 0 
b) 0 0 0 0 
SCHOOL 
2. a) 0 0 0 0 
HOMEROOM 3. a) 0 0 0 0 
b) 0 0 0 0 
c) 0 0 0 0 
d) 0 0 0 0 
4. a) 0 0 0 0 
b) 0 0 0 0 
c) 0 0 0 0 
d) 0 0 0 0 
e) 0 0 0 0 
5. a) 0 0 0 0 
b) 0 0 0 0 
c) 0 0 0 0 
d) 0 0 0 0 
e) 0 0 0 0 
f) 0 0 0 0 
g) 0 0 0 0 
h) 
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Directions: 
EACH STUDENT IS TO POSSESS THESE TWO SHEETS ON MEASURE-
MENTS 
HOW TO NUMERICALLY MEASURE FORCES 
IN STATIC EQUILIBRIUM 
Directions: 
HOMEWORK FOR NEXT CLASS CONSISTS OF A SUMMARY OF THESE 
SIX STEPS. 
"From our previous discussion we observed two important 
properties of force, namely, the amount of force in pounds 
or newtons, and the direction of force horizontally, verti-
cally, or angularly. 
"One can measure both the amount of force and the direc-
tion of force in static equilibrium by using mathematics. 
But, the mathematical method of measuring force is based 
upon the direct graphical method. The graphical method 
consists in using a straight edge calibrated in units of 
distance representing units of force, and in using the pro-
tractor to measure angles. Simple arithmetic is then used." 
THE GRAPHICAL METHOD OF PROCEDURE IS AS FOLLOWS: 
1. After reading the problem carefully, make an itemized 
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list of the known quantities and of the unknown quan-
tities. 
2. Draw a simple picture diagram of the object or objects 
in static equilibrium. 
3. Draw a force diagram of the forces exerted by the ob-
ject or objects in question. Represent all forces as 
pulls of force arrows from a point. The size and direc-
tion of the force arrows are measured off by the cali-
brated straight edge and by the protractor respectively. 
4. Write numerical values of all given forces and angles, 
but assign letters to the unknown quantities. 
5. Construct a set of rectangular axes. Superimpose the 
point of intersection of the rectangular axes upon the 
point where the concurrent lines of forces meet. 
6. USE THE FOLLOWING RELATIONSHIPS: 
a) If the object is in translatory static equilibrium, 
add the forces in the horizontal direction separate-
ly, and then add the forces in the vertical direc-
tion separately. The summation of the forces in 
the horizontal direction should equal zero. The 
summation of the forces in the vertical direction 
should equal zero. In other words, there is no un-
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balanced force in one direction to bring about 
motion. 
THE FORMULAE ARE STATED IN THIS FASHION: 
0 - 0 
The Greek letter 11 I 11 represents the word 11 summa-
tion.,. 
The letter 11 F 11 represents the word 11 Forces ... 
The subscripts 11 X 11 and 11 Y11 denote 11 horizontal 11 
and 11 Vertical. 11 
b) If we consider the force diagram of an object in 
rotary static equilibrium, the product of the 
force and the distance (moment arm) from the pivot 
-this product is called a Torque- is equal to the 
product of the force and distance from the pivot 
on the other side. 
THE FORMULAE ARE STATED IN THIS FASHION: 
2[ = LC Of\ 
The Greek letter ,.1,. represents the word .. Torque ... 
The subscripts "c 11 and 11 CC 11 represent the words 
11 clockwise 11 and 11 Counterclockwise 11 respectively. 
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NINTH CLASS 
THE FORCES OF OBJECTS IN TRANSLATORY STATIC EQUILIBRIUM ARE 
EQUAL IN AMOUNT AND OPPOSITE IN DIRECTION ALONG A SINGLE 
LINE OF ACTION. 
THE TORQUES OF AN OBJECT IN ROTARY STATIC EQUILIBRIUM ARE 
EQUAL IN AMOUNT AND OPPOSITE IN A ROTARY DIRECTION. 
Directions: 
HAND OUT THESE SAMPLE PROBLEMS TO THE STUDENTS 
1. A spring scale is suspended from its support in an up-
right position. Three weights are suspended from the 
hook of the scale. The sum of two identical weights 
is four newtons (nt). The scale reads five newtons. 
a) What is the value of the third weight? 
b) If the weights rest on a table and three newtons 
of force are needed to almost move them, what is 
the force of friction? 
a) WHAT IS THE VALUE OF THE THIRD WEIGHT? 
Directions: 
THE TEACHER COPIES THE ANSWERS TO THE PROBLEMS ON THE 
BLACKBOARD. 
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Figure 1. Solution to a Problem on Static Equilibrium When 
Forces Act Vertically along the Same Line of 
Action 
b) IF THE WEIGHTS REST ON A TABLE AND THREE NEWTONS OF 
FORCE ARE NEEDED TO ALMOST MOVE THEM, WHAT IS THE 
FORCE OF FRICTION? 
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Figure 2. Solution to a Problem on Static Equilibrium 
When Forces Act Horizontally Along the same 
Line of Action. 
2. A lamp weighing 5 newtons is supported as shown in the 
diagram of Figure 3. What are the magnitudes and direc-
tions of the supporting forces exerted by AB and CB. 
The angle at the concurrent point of the supports is 
Directions: 
THE LETTERS I AB I AND I CB I REPRESENT THE FORCE EXERTED 
-- --
ALONG THE SUPPORT FROM I A TO B I AND FROM I c TO B I • 
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Figure 3. Solution to a Problem on Static Equilibrium When 
Many Forces Are Concurrent. 
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3. A bridge AB shown in Figure 4 is 100 ft. long. A truck 
weighing 4 tons is 30 ft. from one end. What is the 
upward force exerted by each pier to support this 
weight? Neglect the weight of the bridge. 
Directions: 
SUCH PROBLEMS ARE READILY SOLVED WITH SIMPLE MATHEMATICS 
ACCORDING TO THE RELATIONSHIP 
1: J 
8 ~tdge \ e ngt \... :: 100' 
Force of t'fUCK == 4tons 
?oslt~o\'\ Of t'fucK :j()' t't'OW\ehd 
F"o~e Qt \)ie'r A = '? 
Fo'f'<:.e a.t \\\.eY' ~ :. '? 
I 
I 
I 
I If' 
I I I 
I I 
A I 30 , I 70 '8 
--· 
14-tons 
I 
I ,.. 
I 
I 
I 
I 
l-ID 
Usln3 -p." <lS Cl P,vot 
2:f;==~r: 
30' )(4tons = 100' xBtons 
I B = 1. "2 tons l 
~Su,ce ~Fy =0 
.4 ton~-Q.( +A):O 
I A = 2 · 8' tons I 
Figure 4. Solution to a Problem on Static Equilibrium 
Involving Torques. 
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Directions: 
ANNOUNCE A TEST FOR NEXT CLASS ON THE ENTIRE UNIT OF STATIC 
EQUILI~RIUM. 
APPENDIX C 
BODY OF OTHER TESTS 
STATIC EQUILIBRIUM 
ACHIEVEMENT TEST 
DIRECTIONS: ANSWER ALL QUESTIONS ON THE ANSWER SHEET AT 
THE END OF THIS TEST. MAKE YOUR CHOICE OF 
THE CORRECT ANSWER BY FILLING IN THE SPACE 
UNDER THE CORRECT CORRESPONDING NUMBER ON 
THE ANSWER SHEET. 
1. A force is fully defined as (1) a push, (2) a pull, 
(3) a push or a pull, (4) none of these. 
2. The word static means (1) electrical, (2) stationary, 
(3) stormy, (4) all of these. 
3. The word equilibrium refers to an equality of (1) 
opposites, (2) identities, (3) perpendiculars, (4) 
all of these. 
4. The pull of gravity is called (1) the force of gravity 
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(2) weight, (3) heaviness, (4) all of these. 
5. Translatory refers to (1) linear, (2) rotary, (3) ro-
tational, (4) none of these. 
6. A stationary bridge in relation to itself is (1) in 
translatory static equilibrium, (2) in rotary static 
equilibrium, (3) not in equilibrium, (4) all of these. 
7. All stationary objects are (1) in translatory static 
equilibrium, (2) in rotary static equilibrium, (3) in 
both of these, (4) in at least one of these. 
8. The direction of a force is always (1) horizontal, 
(2) vertical, (3) angular, (4) at least one of these. 
9. The direction of the force of gravity is (1) vertical, 
(2) horizontal, (3) angular, (4) none of these. 
10. The direction of the force of friction between two 
stationary objects ordinarily is (1) horizontal, 
( 2) vertical, ( 3) angular, ( 4) none of these. 
11. An isolated single force is (1) a physical possi-
bility, (2) a physical impossibility, (3) a real force, 
(4) none of these. 
12. Graphically, it is more convenient to represent forces 
as (1) pushes, (2) pulls, (3) pushes and pulls, (4) 
none of these. 
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13. When the forces of two objects balance each other, 
each force is called (1) an equilibrant, (2) a re-
sultant, (3) an unbalanced force, (4) none of these. 
14. The net zero force of two balanced forces is called 
(1) an equilibrant, (2) a component force, (3) a 
resultant, (4) none of these. 
15. All component forces add up to (1) a total zero 
force, (2) an unbalanced force, (3) a balanced re-
sultant, (4) any of these. 
16. The choice of the terminology "Equilibrant," "Com-
ponent," or "Resultant .. depends on (1) direction, 
(2) magnitude, (3) the point of view taken, (4) none 
of these. 
17. When the lines of action of two forces are opposite, 
the forces are (1) balanced, (2) unbalanced, (3) con-
current, (4) all of these. 
18. When equal and opposite forces are concurrent they are 
in a condition of static equilibrium called (1) ro-
tary, (2) translatory, (3) rotary-translatory, (4) none 
of these. 
19. A requirement of translatory static equilibrium is (1) 
rotation of forces, (2) concurrency of forces, (3) addi-
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tion of forces, (4) none of these. 
20. A point where all the weight of an object is concen-
trated is (1) the pivot, (2) the fulcrum, (3) the 
center of gravity, (4) none of these. 
21. The extension of this point into a line through the 
object is (1) the pivot, (2) the line of action, (3) 
the fulcrum, (4) none of these. 
22. An hypothesis is a (1) preconceived idea, (2) an 
a priori statement, (3) a tentative conclusion, (4) 
none of these. 
23. When conducting an experiment one arrives at a con-
clusion from (1) observation, (2) deduction, (3) 
logic, (4) none of these. 
24. A torque is (1) a force per unit length, (2) the sum 
of a force and a moment arm, (3) the sum of two forces, 
(4) none of these. 
25. When a clockwise torque is equal to a counterclock-
wise torque the object in question is in (1) trans-
latory static equilibrium, (2) rotary static equili-
brium, (3) either of these, (4) none of these. 
26. When forces distort objects such forces are (1) 
coplanar, (2) plastic, (3) not coplanar, (4) any of 
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these. 
27. A calibrated spring scale measures the magnitude of 
force represented by {1) units of distance, {2) units 
of energy, {3) units of attraction, {4) none of these. 
28. The direction of a force can be measured by {1) a 
straight edge, (2) a spring scale, (3) a protractor, 
(4) all of these. 
29. All component forces of a resultant are added only 
(1) algebraically, (2) arithmetically, (3) geometri-
cally, (4) none of these. 
30. When an object is in rotary static equilibriu, there 
is an equality in a clockwise and counterclockwise 
direction between two {1) forces, (2) distances, 
(3) torques, (4) none of these. 
31. When there is no unbalanced force in one direction 
acting on an object, it {1) does not move, {2) is 
in static equilibrium, {3) is stationary, {4) all 
of these. 
32. When objects are in translatory static equilibrium in 
relation to each other, the formula to use is (1) 
<2 > rF =O (3) ~I"'= ~I: <4> t Ct 
all of these. 
33. When an object is in rotary static equilibrium, the 
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forces are related by this formula= <1> 2: r= 0 (2) 
L"F=O <3>rt =2: F (4) none of these. 
34. When solving problems concerning objects in static 
equilibrium, the more basic method to use is the (1) 
trigonometric method, (2) algebraic method, (3) graph-
ical method, (4) none of these. 
35. Before solving a problem on static equilibrium one 
should (1) draw a force diagram, (2) draw a picture 
diagram, (3) itemize the knowns and unknowns, (4) do 
all of these. 
36. The force of friction is represented along the (1) 
nyu axis, (2) ux11 axis, (3) nz 11 axis, (4) none of 
these. 
37. The force of gravity is represented along the (1) 
llytl axis, (2) 11x11 axis, (3) II z ll axis, (4) none of 
these. 
38. The direction of a force to the left or downward from 
the origin where the rectangular axes intersect is 
(1) positive, (2) negative, (3) zero, (4) none of 
these. 
39. If two forces are parallel and along the same line of 
action they are (1) added, (2) subtracted, (3) can-
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celled out, (4) either of these. 
40. If a slab of stone, pictured below, weighing 20 newtons 
(with its weight all concentrated at the center) and 
10 meters long is lifted at one end, the force in new-
tons needed to just lift this slab of stone is (1) 20 
newtons, (2) 30 
? 
+ I 
I 
I 5 'meters, 
I I 
newtons, (3) 10 newtons, (4) 5 newtons. 
I I I 
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ANSWER SHEET FOR ACHIEVEMENT TEST 
NAME 
----------------
ROOM 
----------------
DIRECTIONS: MAKE YOUR CHOICE OF THE CORRECT ANSWER BY FILL-
ING IN THE SPACE UNDER THE CORRECT CORRESPOND-
ING NUMBER ON THIS SHEET. 
1 2 3 4 1 2 3 4 
1. 0 0 0 0 15. 0 0 0 0 
2. 0 0 0 0 16. 0 0 0 0 
3. 0 0 0 0 17. 0 0 0 0 
4. 0 0 0 0 18. 0 0 0 0 
5. 0 0 0 0 19. 0 0 0 0 
6. 0 0 0 0 20. 0 0 0 0 
7. 0 0 0 0 21. 0 0 0 0 
a. 0 0 0 0 22. 0 0 0 0 
9. 0 0 0 0 23. 0 0 0 0 
10. 0 0 0 0 24. 0 0 0 0 
11. 0 0 0 0 25. 0 0 0 0 
12. 0 0 0 0 26. 0 0 0 0 
13. 0 0 0 0 27. 0 0 0 0 
14. 0 0 0 0 28. 0 0 0 0 
29. 
30. 
31. 
32. 
33. 
34. 
1 2 3 4 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
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35. 
36. 
37. 
38. 
39. 
40. 
1 2 3 4 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
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STATIC EQUILIBRIUM 
A SUPPLEMENTARY TEST 
NAME 
-------------------
ROOM~----------------
DIRECTIONS: INDICATE WHETHER THE FOLLOWING STATEMENTS ARE 
TRUE OR FALSE BY FILLING IN THE SPACE BELOW 
EITHER HEADING. PLEASE ANSWER ALL QUESTIONS. 
1. All objects in equilibrium are stationary 
2. When an unbalanced force acts on an object, 
the object accelerates in the direction 
True 
0 
of the force •••••••••••••••••••••••••••••• 0 
3. A body which revolves in a circle with 
a constant linear speed accelerates or 
changes its rate of motion •••••••••••••••• 0 
4. Newton•s Second Law states: F = rna ••••• 0 
5. When a clockwise torque is equal to a 
counterclockwise torque the pivoting 
point is always in the center of the 
object in question ••••••••••••••••••••••• 0 
False 
0 
0 
0 
0 
0 
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True False 
6. According to Newton•s Third Law every 
action engenders an equal and opposite 
reaction . ............................... . 0 0 
7. When torques rotate in the same rotary 
direction they are called 11 Couplesu ••.••• 0 0 
8. The coefficient of friction is the ratio 
of the horizontal force to the normal •••• 0 0 
9. A 11 normal 11 is the upward force of a 
surface against a weight it supports ••••• 0 0 
10. There are two kinds of coefficients of 
friction, namely, static and sliding ••••• 0 0 
APPENDIX D 
TABULATION OF SCORES 
OTIS AVERAGE AVERAGE 
STUDENT MENTAL NATIONAL YEARLY YEARLY SYMBOLIC-UNIT 
CODE ABILITY EDUCATIONAL GRADES GRADE IN ACHIEVEMENT TEST 
NUMBER TEST DEVELOPMENT IN FIVE GENERAL PRE-TEST POST-TEST SCORES TEST SCORES SUBJECTS SCIENCE 
1 132 23 80 77 9 20 
2 128 23 85 87 18 27 
3 128 -- 86 70 15 25 
4 123 -- 86 83 17 25 
5 122 17 87 77 17 28 
6 122 15 69 76 10 21 
7 120 17 65 69 13 22 
8 120 22 87 85 19 27 
9 120 21 86 87 21 31 
10 120 18 88 85 17 29 
11 119 20 74 81 17 23 
12 118 -- 63 64 6 19 
13 117 20 73 78 13 25 
14 117 20 82 84 18 27 
15 116 19 67 68 12 19 
16 116 16 65 59 4 22 
17 116 14 85 80 17 26 
18 116 16 69 71 14 20 
19 116 21 82 72 17 26 
20 115 17 79 75 13 26 
21 115 18 74 76 23 29 
22 115 18 81 82 16 27 
23 115 18 73 67 10 21 
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OTIS 
STUDENT MENTAL 
CODE ABILITY 
NUMBER TEST 
SCORES 
24 114 
25 113 
26 113 
27 113 
28 112 
29 110 
30 109 
31 107 
32 107 
33 106 
34 102 
35 102 
36 101 
37 101 
38 97 
39 97 
40 92 
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TABULATION OF SCORES 
(completed) 
AVERAGE AVERAGE 
NATIONAL YEARLY YEARLY 
EDUCATIONAL GRADES GRADE IN 
DEVELOPMENT IN FIVE GENERAL 
TEST SCORES SUBJECTS SCIENCE 
19 67 71 
-- 71 78 
19 82 79 
21 77 72 
23 85 84 
15 73 74 
17 72 73 
18 76 80 
18 84 80 
17 78 80 
16 66 67 
17 70 69 
18 83 77 
13 73 69 
13 68 65 
19 73 69 
14 71 67 
SYMBOLIC-UNIT 
ACHIEVEMENT TEST 
PRE-TEST POST-TEST 
18 30 
7 22 
15 28 
7 17 
22 28 
10 21 
19 23 
12 22 
22 31 
8 25 
9 23 
8 14 
6 26 
7 15 
8 15 
9 20 
11 20 
SUPPLEMENTARY 
TEST SCORES 
PRE-TEST 
1 
1 
"""" 1 1 
* 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
iC 
1 
2 
3 
4 
6 
9 
5 
7 
6 
6 
8 
9 
8 
2 
4 
6 
7 
6 
4 
4 
6 
8 
6 
8 
8 
6 
9 
7 
5 
6 
5 
6 
7 
5 
8 
6 
POST--TEST 
6 
7 
9 
9 
7 
4 
5 
8 
7 
8 
4 
6 
5 
7 
6 
4 
5 
3 
5 
7 
6 
9 
6 
8 
7 
8 
4 
5 
5 
5 
6 
8 
6 
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LABORA- CORRECTLY- CORRECTLY- NUMBER PREF-
TORY ANSWERED ANSWERED OF ERENC E 
TEST ODD-NUM- EVEN-NUM- HOMEWORK LIST SCORES BERED ITEMS BERED ITEMS MISSING 
13 10 10 0 Text 
11 15 12 0 Both 
11 12 13 1 Both 
15 13 12 0 Unit 
10 13 15 0 Text 
10 11 10 0 Unit 
9 13 9 2 Both 
8 15 12 0 Unit 
12 17 14 0 Both 
14 16 13 0 Unit 
10 11 12 1 Unit 
9 13 6 0 Both 
14 15 10 0 Text 
15 15 12 0 Unit 
10 9 10 0 Text 
5 12 10 4 Text 
9 12 14 1 Unit 
7 12 8 1 Both 
6 16 10 0 Unit 
12 14 12 0 Both 
13 16 13 0 Text 
9 14 13 0 Both 
11 12 9 0 Unit 
9 14 16 0 Unit 
5 14 8 1 Both 
12 17 11 1 Both 
6 9 8 2 Text 
15 15 13 0 Text 
8 9 12 1 Text 
13 12 11 0 Both 
13 11 11 0 Both 
14 15 16 0 Unit 
8 13 12 0 Both 
(concluded on next page) 
SUPPLEMENTARY 
TEST SCORES 
PRE-TEST 
3 
3 
3 
4 
5 
6 
37 
3 8 
39 
4 0 
6 
5 
5 
5 
5 
6 
6 
POST-TEST 
5 
6 
6 
6 
4 
7 
6 
LABORA-
TORY 
TEST 
SCORES 
10 
9 
3 
6 
6 
12 
4 
*Student Code Number 
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CORRECTLY- CORRECTLY- NUMBER 
ANSWERED ANSWERED OF PREF-
ODD-NUM- EVEN-NUM- HOMEWORK ERENCE 
BERED ITEMS BERED ITEMS MISSING LIST 
11 12 0 Both 
7 7 0 Both 
14 12 0 Both 
8 7 0 Unit 
9 6 2 Unit 
13 7 0 Text 
13 7 2 Both 
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CHI SQUARE DIAGRAM OF THE BETTER 36 ITEMS 
ORIGINAL 
NUMBER 
3. 10 
9 
4. 9 
4 
5. 10 
7 
6. 4 
3 
7. 8 
8 
8. 12 
11 
9. 12 
8 
10. 11 
9 
11. 9 
4 
12. 11 
4 
13. 12 
7 
2 
3 
3 
8 
2 
5 
8 
9 
4 
4 
0 
1 
0 
4 
1 
3 
3 
8 
1 
8 
0 
5 
top 27% of 40 students 
low 27% of 40 students 
14. 11 1 
7 5 
15. 5 7 
3 9 
16. 10 2 
9 3 
17. 6 8 
8 4 
18. 11 1 
5 7 
19. 12 0 
7 5 
20. 11 1 
6 6 
21. 11 1 
5 7 
22. 4 8 
2 10 
23. 9 3 
4 8 
24. 
25. 12 0 
4 8 
26. 11 1 
7 5 
27. 11 1 
7 5 
28. 8 4 
7 5 
29. 3 9 
2 10 
30. 11 1 
10 2 
31. 8 4 
4 8 
32. 11 1 
4 8 
33. 10 2 
2 10 
34. 12 0 
7 5 
35. 3 9 
3 9 
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36. 11 1 
9 2 
37. 11 1 
8 4 
38. 12 0 
9 3 
39. 
40. ....2..2. 
4 8 
APPENDIX E 
STATISTICAL TOOLS 
1. The Arithmetic Mean of a Distribution of Ungrouped Scores. 
v _!X 
A- N 
2. The Standard Deviation of a Distribution of Ungrouped 
Scores. 
S.D. = J N~Y?.- (LY)?. 
N (N-1) 
3. The Pearson Product-Moment Formula of Correlation. 
'(' ::. 
4. The Spearman-Brown Prophecy Formula of Reliability. 
R :: 
1 +"' 
5. The Footrule Coefficient of Reliability. 
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6. The Yates •s Correction Formula. 
rtva -
N [o.d-bc.\ - I) -a 
<a.""~) (a.-tc:) (b+ci) ~ c +a) 
7. The Standard Error of Measurement Formula. 
S.E. ~ S.b. J I-'<' 
~ 
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